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1
EFFICIENT MULTI-STATION MRI

FIELD

The subject matter below relates generally to magnetic
resonance imaging (MRI) processes. Preferably, the MRI
processes described below involve enhancements to multi-
station MRI data acquisition workflow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is ahigh-level schematic block diagram of an exem-
plary MRI system embodiment adapted to acquire and pro-
cess data for MRI using more efficient workflows when
acquiring multi-station MRI data;

FIG. 2 is a schematic depiction of an exemplary embodi-
ment of improved multi-station workflow sequences;

FIG. 3 is a schematic illustration of exemplary computer
program code structure in the form of a flow chart for imple-
menting the exemplary workflow sequence depicted in FIG.
2; and

FIG. 4 is a composite collection of Coronal, Sagittal and
Axial MIP images from the Iliac, Femoral and Calf stations.

DETAILED DESCRIPTION

The MRI system shown in FIG. 1 includes a gantry 10
(shown in schematic cross-section) and various related sys-
tem components 20 interfaced therewith. At least the gantry
10 is typically located in a shielded room. One MRI system
geometry depicted in FIG. 1 includes a substantially coaxial
cylindrical arrangement of the static field B0 magnet 12,a G,
G, and G, gradient coil set 14 and an RF coil assembly 16.
Along the horizontal axis of this cylindrical array of elements
is an imaging volume 18 shown as substantially encompass-
ing the head of a patient 9 supported by a patient bed or table
11.

An MRI system controller 22 has input/output ports con-
nected to display 24, keyboard/mouse 26 and printer 28. As
will be appreciated, the display 24 may be of the touch-screen
variety so that it provides control inputs as well.

The MRI system controller 22 interfaces with MRI
sequence controller 30 which, in turn, controls the G,, G, and
G, gradient coil drivers 32, as well as the RF transmitter 34
and the transmit/receive switch 36 (if the same RF coil is used
for both transmission and reception). As those in the art will
appreciate, one or more suitable body electrodes 8 may be
affixed to the patient’s body to provide ECG (electrocardio-
gram) and/or peripheral pulsatile gating signals to the MRI
sequence controller 30. The MRI sequence controller 30 also
has access to suitable program code structure 38 for imple-
menting MRI data acquisition sequences already available in
the repertoire of the MRI sequence controller 30—e.g., to
generate non-contrast MRA (magnetic resonance angiogra-
phy) and/or MRV (magnetic resonance venography) images
using operator and/or system inputs defining particular MRI
data acquisition sequence parameters.

The MRI system 20 includes an RF receiver 40 providing
input to data processor 42 so as to create processed image data
to display 24. The MRI data processor 42 is also configured
for access to image reconstruction program code structure 44
and to MR (magnetic resonance) image memory 46 (e.g., for
storing MR image data derived from processing in accor-
dance with the exemplary embodiments and the image recon-
struction program code structure 44).

Also illustrated in FIG. 1 is a generalized depiction of an
MRI system program/data store 50 where stored program
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2

code structures (e.g., for generation of multi-station MR
images such as non-contrast MRA and/or MRV images for
the iliac, femoral and calf anatomies, operator inputs to same,
etc.) are stored in computer-readable storage media acces-
sible to the various data processing components of the MRI
system. As those in the art will appreciate, the program store
50 may be segmented and directly connected, at least in part,
to different ones of the system 20 processing computers hav-
ing most immediate need for such stored program code struc-
tures in their normal operation (i.e., rather than being com-
monly stored and connected directly to the MRI system
controller 22).

Indeed, as those in the art will appreciate, the FIG. 1 depic-
tion is a very high-level simplified diagram of a typical MRI
system with some modifications so as to practice exemplary
embodiments to be described hereinbelow. The system com-
ponents can be divided into different logical collections of
“boxes” and typically comprise numerous digital signal pro-
cessors (DSP), microprocessors, special purpose processing
circuits (e.g., for fast A/D conversions, fast Fourier transform-
ing, array processing, etc.). Each of those processors is typi-
cally a clocked “state machine” wherein the physical data
processing circuits progress from one physical state to
another upon the occurrence of each clock cycle (or prede-
termined number of clock cycles).

Not only does the physical state of processing circuits (e.g.,
CPUs, registers, buffers, arithmetic units, etc.) progressively
change from one clock cycle to another during the course of
operation, the physical state of associated data storage media
(e.g., bit storage sites in magnetic storage media) is trans-
formed from one state to another during operation of such a
system. For example, at the conclusion of an MR-imaging
reconstruction process, an array of computer-readable acces-
sible data value storage sites (e.g., multi-digit binary repre-
sentations of pixel values) in physical storage media will be
transformed from some prior state (e.g., all uniform “zero”
values or all “one” values) to a new state wherein the physical
states at the physical sites of such an array (e.g., of pixel
values) vary between minimum and maximum values to rep-
resent real world physical events and conditions (e.g., the
tissues of a patient over an imaged volume space). As those in
the art will appreciate, such arrays of stored data values rep-
resent and also constitute a physical structure—as does a
particular structure of computer control program codes that,
when sequentially loaded into instruction registers and
executed by one or more CPUs of the MRI system 20, cause
a particular sequence of operational states to occur and be
transitioned through within the MRI system.

The exemplary embodiments described below provide
improved ways to acquire and/or process MRI data acquisi-
tions and/or to generate and display MR images.

Typically, workflow for multi-station MRI completes all
preparatory processes as well as diagnostic scanning at a
given station before moving on to the next imaging station.
For example, in the typical iliac—femoral—calf sequence, at
the first iliac imaging station, both preparatory procedures
and diagnostic scan procedures are performed before moving
on to the next (e.g., femoral anatomy) imaging station where,
once again, all of the preparatory processes are performed as
well as the diagnostic scan procedures before moving on to
the next successive imaging station (e.g., the calf anatomy).
Of course, the same imaging stations may also sometimes be
addressed in the reverse order (i.e., calf—femoral—iliac).

Typically, during preparatory scan procedures, well known
locator imaging (e.g., using a short gradient echo sequence
for a couple of slices), MAP image acquisition (to determine
individual RF coil sensitivity coverage of the anatomy to be
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imaged if parallel imaging is to be performed using an array
of RF coils), B0 shimming map image acquisition, electro-
cardiograph (ECGQG) related imaging and related analysis of
ECG triggering times, etc., are performed. Of course, only
after such preparatory procedures is a real diagnostic scan
(e.g., a three-dimensional MRI process covering that particu-
lar region of the patient’s anatomy) performed. Typically,
operators determine the ECG or peripheral pulsatile gating
(PPG) trigger delay times suitable for matching the patient’s
systole and diastole cardiac phases that are thereafter applied
during three-dimensional diagnostic MRI scans (e.g., for
fresh blood imaging (FBI) scans). However, even when the
preparatory procedure immediately precedes the diagnostic
scan procedures for a given portion of anatomy at a given
imaging station, the systolic and/or diastolic delay times may
change during the diagnostic scan—which, of course,
adversely affects the quality of the resulting diagnostic
image. Furthermore, the operator-determination of systole
and diastole triggering delay times itself contributes to an
increased total examination time.

In peripheral anatomy FBI, it is typical to acquire locator,
ECG-prep or phase contrast (PC) for peak flow images, from
which the operator can determine systolic and diastolic trig-
ger delays and, eventually, then acquire three-dimensional
FBI (systolic and diastolic scans). Typically, this was
repeated for three or four stations or so (e.g., the successive
patient anatomies of aorto-iliac, femoral, calf, foot, etc.). Not
only does this require time, it also requires operator experi-
ence due to the complexity of the several data acquisitions
required to determine proper cardiac phase delay times and
the like.

Although there are by now also auto-ECG functions avail-
able for automatically determining systolic and diastolic trig-
gering delay times (e.g., directly from an electrocardiograph
signal without requiring acquisition of an ECG-prep scan),
such have apparently not previously been used for multi-
station FBI image acquisitions.

For more information concerning FBI and auto-ECG tech-
niques, reference may be had to published application US
2010/0249574 Al. Among other things, it will be noted
therein (e.g., see paragraphs [0043]-[0065]) that automati-
cally determined systole and/or diastole time periods need to
be adjusted so as to properly correspond to each different
region (e.g., iliac, femoral and calf). The delay in MRI
sequence trigger times may vary over a wide range as distance
from the patient’s heart and/or blood flow velocity vary.
Delayed trigger time (e.g. elapsed time from an ECG R-wave
to initiation of a MR imaging data acquisition scan sequence)
may automatically be adjusted as one images different body
portions having different cardiac cycle characteristics. The
auto-ECG timing may also be affected by the time difference
between an ECG signal and a PPG signal acquired from a
distal body portion such as a finger or hand and/or a difference
in average blood flow velocities.

The FBI method is a non-contrast-enhanced MRA method
used to acquire echo data repeatedly during successive heart-
beat cycles while delaying MRI sequence triggering by a
predetermined delay time from an ECG trigger signal syn-
chronized with a reference portion of an ECG wave, such as
an R wave. Each delay represents a cardiac time phase of a
patient using an SE (spin echo) series MRI sequence such as
an SSFP sequence and an FASE (fast asymmetric spin echo or
fast advanced spin echo) sequence that uses the half-Fourier
method. According to the exemplary FBI method, a trans-
verse relaxation (12) component of magnetization in blood is
recovered over plural heart cycles and a water (blood)
weighted image in which the T2 magnetization component of
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blood is enhanced can be obtained as a blood vessel image. In
the FBI method, a three-dimensional scan for acquiring echo
data (volume data) for predetermined slice encode amounts is
performed. For example, in the case of imaging under the FBI
method, arteriovenous-separated blood flow image data can
be generated with favorable contrast by acquisition of pieces
of data in a systole and a diastole phase, respectively, over
plural heart cycles by an SSFP sequence or an FASE sequence
and then using subtraction processing between the acquired
diastole and systole image data sets.

Heart rate acquisition in an imaging condition setting unit
functions to acquire ECG heart rate information of a patient
from an ECG unit or a PPG unit and this provides heart rate
(HR) and ECG data of the patient to a delay time setting
process. The acquired heart rate information includes the HR
itself and the time period between adjacent reference waves in
an ECG signal (or a PPG signal), as well as the ECG signal (or
PPG signal). When the ECG unit or the PPG unit functions to
calculate HR, a heart rate acquisition module can be config-
ured to acquire HR from the ECG unit or the PPG unit
directly. The heart rate acquisition module may also be con-
figured to acquire an ECG signal, a PPG signal or the period
between adjacent reference waves on an ECG or PPG signal
from the ECG unit or the PPG unit and to calculate HR based
on the ECG signal or the PPG signal.

Note that the heart rate acquisition module may also be
configured to calculate or acquire plural HRs and to provide
an average value of the plural HRs to the delay time setting
module for accuracy improvement. For example, the heart
rate acquisition module may acquire a HR around ten differ-
ent times and use the average value of the ten HRs as the HR
provided to the delay time setting module. For example, one
might acquire HR data only four to twenty times in order to
calculate an average HR value with practical accuracy.

The delay time setting module functions to set an appro-
priate delay time from a reference wave as an imaging con-
dition in heart rate synchronous imaging based on the HR
acquired from the heart rate acquisition module. The setting
methods for a delay time include a method of calculating a
delay time from HR using a calculating formula representing
a relationship between HR and delay time and a method of
preparing a table showing relationship between HRs and
delay times to acquire a delay time corresponding to a HR of
a patient in reference to the table.

An imaging region for a blood flow image can also be set
arbitrarily. Therefore, an imaging condition for blood flow
imaging of alower limb or coronary artery imaging can be set.
However, blood flow velocity is different depending on the
imaged part. Therefore, an appropriate delay time from a
reference wave of ECG data acquisition timing may also
desirably be set with a higher accuracy as a different value
depending on the imaged part. For that reason, a calculation
expression showing a relation between a HR and a delay time
can also be set for each different imaging part. For example,
since blood flow velocity at a low end portion such as a lower
limb is slower compared to that in the vicinity of the heart, a
delay time for a low end portion of the body can be set
differently than a delay time for an imaged part in the vicinity
of'the heart. In this case, a delay time can also be determined
depending on not only distance from the heart to an imaging
location, but also a time difference between an ECG signal
and a PPG signal acquired from a distal portion such as a
finger of the hand, and/or a difference in average blood flow
velocities.

Although exact offset time values may vary, in general the
ECG offset time for diastole may be different from that for
systole. The ECG offset time for systole may also be smaller
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than that for diastole. For example, ECG offset time for sys-
tole may be zero to tens of msec and ECG offset time for
diastole may be an additional 100-200 ms.

The ECG offset time for diastole may be set smaller
depending on the location of a particular imaging station. As
noted, the systole/diastole offset times for each station may be
different values or, in some cases, the offset times for some or
all stations may also be the same values.

For example, an ECG offset time for diastole may be on the
order of:

iliac=+150 ms, femoral=+140 ms, calf=+100 ms or

iliac=+150 ms, femoral=+150 ms, calf=+120 ms, etc.

Suitable formulae may be derived for a given population of
body types, imaging stations, cardiac cycle phases, etc. For
example, the following formulae may be appropriate for aver-
age body types in FBI for the calf, thigh and iliac regions:

systolic delay (in ms)=(550-2HR)/2 and diastolic
delay (in ms)=(RR-550+2HR)/(2+c) where
RR=period between two successive R-waves in
an ECG signal and acan take on different values
for the calf, thigh and iliac regions.

(e.g., so as to provide different respective values for these
different regions as noted just above). As will be understood,
HR in milliseconds can be quickly calculated from an R-R
interval using the formula RR=60,000/HR or HR=60,000/
RR.

As a net result of prior multi-station workflow and/or fail-
ure to utilize auto-ECG functionality in the context of multi-
station FBI image acquisitions, a typical three-station iliac,
femoral, calf FBI scan sequence might typically take on the
order of about 40 minutes. However, the total examination
time might be reduced by approximately one-half using auto-
ECG functionality (e.g., to something on the order of 20
minutes for the same three-station FBI procedure). By also
adopting an improved multi-station workflow in accordance
with FIG. 2, the total examination time may be further
reduced to approximately 15 minutes or less for the same
procedure—thus representing a considerable savings in total
examination time and a corresponding improvement in MRI
system utilization time.

Although the presently preferred exemplary embodiment
is presented in the context of non-contrast FBI scans to pro-
vide magnetic resonance angiography (MRA) and/or mag-
netic resonance venography (MRV) images, it may also be
applicable to other multi-station MRI procedures as will be
apparent to those in the art. For example, TOF (time of flight)
MRI is another well known class of angiography (e.g.,
wherein TOF MRI is based on an ability to distinguish
between stationary and flowing MR nuclei).

In the exemplary embodiment, the order of workflow (e.g.,
head-to-foot or foot-to-head) stations is selectable. Non-con-
trast FBI scans obtained at multiple imaging stations along
extended peripheral anatomy structures (e.g., legs extending
from the iliac through the femoral and calf regions of this
peripheral anatomy) can be obtained. Here, in accordance
with the exemplary workflow sequences depicted in FIG. 2,
all of the locator images, information on B1 shimming (if
needed), MAP, etc., as may be required during preparatory
scan procedures for a given system are first obtained for all of
the imaging stations. Thereafter, the actual three-dimensional
FBI diagnostic scans are performed (e.g., in reverse or same
order sequence) at those same stations using at each station
the set-up information previously set based on the preparatory
scan data derived for that particular station. The diagnostic
scan parameters may be set in a multi-tasking mode possibly
starting as early as after the preparatory scan data becomes
available from the first station scanned—thus permitting a
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6

seamless progression of preparatory and diagnostic scans
without operator interruption. Auto-ECG functionality is
used, where applicable (e.g., for FBI), during diagnostic
scans so as to (a) eliminate the necessity for manual systole/
diastole determinations during preparatory procedures, and
(b) automatically adapt to on-going changes in the patient’s
systole/diastole triggering points during actual diagnostic
scanning processes (e.g., including automatic adjustments in
systole/diastole triggering times as a function of station loca-
tion vis-a-vis the heart).

If desired, after diagnostic scanning has been completed at
a given station, before moving on for diagnostic scanning at
the next station, image quality of the just acquired diagnostic
scan data can be quickly confirmed by displaying a relatively
low resolution image (e.g., for FBI processes, a subtracted
systole/diastole MIP (maximum intensity projection)) on the
console. The operator can then be given an opportunity to
re-acquire new diagnostic image data, if needed (with altered
imaging parameters, if desired). Alternatively, all the diag-
nostic scan data can be automatically acquired at each suc-
cessive station without stopping for manual review options.
Further, as noted above, once the preparatory scans have been
initiated, it is possible to proceed seamlessly thereafter
through all preparatory scans and diagnostic scans without
interrupting the process. For example, if a multi-tasking mode
is used, an operator may begin inputting/setting diagnostic
scan parameters as soon as possible for a given station (e.g.,
even during preparatory scans for other stations so that diag-
nostic scans may begin immediately at any desired time there-
after without the need to wait for operator inputs).

The present exemplary embodiment greatly eases operator
workload—especially when auto-ECG functionality and
automatic sequencing along multiple imaging stations are
utilized for diagnostic scan procedures. The exemplary
embodiment also greatly improves the workflow associated
with both preparatory and diagnostic scan procedures and,
when considered as a whole, tremendously decreases the
overall required examination time.

To shorten overall examination time for multiple station
imaging (e.g., in the iliac, femoral and calf anatomy regions),
all required scans may be systematically and automatically
acquired. For example, the system may acquire all locator
images from the calf, femoral and iliac anatomies in either
desired sequential order (e.g., foot-to-head order or vice
versa). This may include multiple directional scans (e.g.,
axial and/or coronal) while also allowing adjustable gaps in
axial and/or coronal imaging so as to permit the operator to
more easily determine the desired anatomy coverage and thus
enable a proper set up for a desired FBI three-dimensional
slab location for each successive anatomy portion. A MAP,
B0 shimming information and B1 shimming information
(e.g., for three Tesla and above MRI systems) may also be
acquired and recorded during these preparatory processes.

After at least one of the preparatory procedures has been
completed and the operator has determined desired diagnos-
tic image coverage (e.g., for particular slices and/or three-
dimensional slabs), the operator may then review the acquired
preparatory data and set diagnostic scan parameters for that
scan station. Alternatively, all the preparatory scan data may
be acquired before staring to set diagnostic scan parameters
and instructing the MRI system to acquire diagnostic data
from all of the multiple imaging stations (e.g., possibly in any
desired sequence) by activating an appropriate “start” input
command. While the preparatory or diagnostic scan at a given
station is underway, preparatory data for the remaining sta-
tions may continue to be set by the operator, if such settings
have not already been completed. Since it typically may take
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much less time to set the desired diagnostic scan parameters
(e.g., perhaps 20 seconds or so) than to perform the diagnostic
scan (e.g., perhaps 2+ minutes or so), the ongoing automatic
sequential multi-station diagnostic scanning, once started,
should not get ahead of the operator. If it does, a short wait
loop may be effected until the operator catches up. Alterna-
tively, the operator may set desired diagnostic scan param-
eters for all stations before the automatic diagnostic scan
processes are initiated.

In any event, using set-up data acquired based on the multi-
station preparatory scan procedures, the MRI system itself
may now automatically proceed from one station to the next
to perform appropriate diagnostic scan data acquisitions. On
the other hand, if desired, after acquisition of diagnostic
imaging data at a given station, a quick low resolution image
can be generated and displayed for the operator to quickly
review and approve before moving on to the next diagnostic
imaging station. If this option is chosen, and if the operator
disapproves, then the diagnostic scan may be repeated, using
different diagnostic scan parameters if desired, until the
operator is satisfied with the acquired diagnostic image data
for that particular station before moving on to the next.

As just noted, depending upon required preparatory, set-up
and/or diagnostic scan procedures for a given situation, multi-
task processes may be employed. For example, while acquir-
ing preparatory or diagnostic scan data in the iliac region,
previously derived preparatory scan data acquired for the
femoral region may be reviewed and diagnostic scan param-
eters set for use at the next (i.e., femoral) imaging station. It
may also be that to save preparatory scan time, the prepara-
tory scan procedures have not yet conducted and recorded the
MAP or other still required further preparatory scan(s). In
such case, it is possible to set up automatic subsequent acqui-
sition and substantially immediate use of such data at the
current imaging station—now as a brief preparatory part of
the diagnostic scan procedures that will be conducted imme-
diately thereafter at that station. If time permits, once such
auto-scan parameters are set for one region, multi-tasking
may move on to similarly set such parameters for the next
station, and so on.

As noted, it may be desired that after FBI images are
acquired for a given region (e.g., the iliac region), subtracted
MIP images with lower resolution (e.g., 128x128 pixels
instead of perhaps 2567 or 5122 pixels as may be used for a
higher resolution diagnostic image) are quickly generated
and displayed on a monitor to the operator for agreement on
the result before moving on to the next imaging station. If the
lower resolution quick images are not acceptable to the opera-
tor, then the diagnostic scan data acquisition for that particu-
lar region (e.g., the iliac) can be repeated—possibly with
changed imaging parameters at operator discretion.

A preferred graphical user interface (GUI) displays a mul-
tiple imaging station region such as depicted in FIG. 2 in an
operator observation area (e.g., possibly including relatively
small-scale lower resolution images related to each such sta-
tion workflow). Preferably, when considering acquired pre-
paratory scan data and setting diagnostic scan parameters, the
operator may designate and transfer any such observed work-
flow item to a different “working area” of the display scan,
whereupon opportunities are given the operator to set scan
conditions such as changing gaps for locator images or the
like.

An exemplary computer program code structure for imple-
menting the improved worktlow of FIG. 2 is depicted at FIG.
3. Here, a multi-station MRI procedure/module is entered at
400. At 402, an opportunity is provided for the operator to set
desired initialization parameters such as, for example, desired
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multi-station anatomies 1-M (e.g., 1-3 corresponding to the
iliac, femoral and calf anatomies) as well as the desired work-
flow sequence (e.g., head-to-foot or foot-to-head) and
whether a low resolution image check is desired at a given
station before moving on to the next during diagnostic image
data acquisition procedures.

After initialization, an imaging station counter N is initial-
ized to a value of one at 404 and the patient bed is then moved
s0 as to position the corresponding patient anatomy within the
imaging volume ofthe MRI system by moving the patient bed
to station N at 406. While at this particular imaging station, all
desired preparatory processes are preferably performed such
as possibly acquiring locator and/or MAP images, B0 shim-
ming map, etc. at 408. Preferably, after being initiated, such
preparatory procedures will not require further interactions
with the operator so as to permit continuous automatic multi-
station sequencing while gathering preparatory scan data. As
soon as preparatory scan data becomes available for station N,
an opportunity may be presented at 409 so that such data is
made available to the operator to begin multi-task data entry,
if desired, for setting diagnostic scan parameters for station N
(i.e., so that such diagnostic scan parameters are already set
and available for use whenever diagnostic scanning for that
station is thereafter desired). Then the station counter N is
incremented at 410 and tested at 412 to see if all designated
stations have been yet prepared. If not, then control is moved
back to box 406 where the bed is moved to the next imaging
station.

On the other hand, once preparatory scan data for all of the
multiple stations have been acquired, then the decision at 412
(which may include an optional operator interface as well as
an automatic determination as to whether preparatory scans
have been completed), control is then passed to the diagnostic
portion of FIG. 3. Here, at 415 diagnostic MRI scan data is
acquired for station N (which will initially remain at a value
M in this example). As depicted at 415, the auto-ECG func-
tionality will be used for such diagnostic data acquisition so
as to reduce operator time and machine time during prepara-
tion phases, as well as to automatically adapt to changes in
systole/diastole patient cardiac phases during diagnostic
imaging. As explained in US 2010/0249574 A1, the systole/
diastole trigger times can be automatically adjusted as a func-
tion, inter alia, of station position with respect to the patient’s
heart (e.g., the triggering points for the femoral station will be
slightly delayed with respect to the trigger points for the iliac
station, etc.).

Once the diagnostic scan data has been acquired at 415,
then if the low resolution image flag has been set as tested at
416, a quickly generated low resolution image is displayed at
417 for operator approval. For example, if FBI is employed,
then a quick subtraction of systole/diastole images and MIP
processing may produce a low resolution 128x128 pixel
image for quick display. If the operator disapproves of the
preliminary image at 418, then the operator may reset/change
diagnostic scan parameters at 420 before control is passed
back to box 415 for again acquiring diagnostic MRI scan data
for this same station.

Once the operator is satisfied with the quickly displayed
low resolution image, or if the low resolution image flag was
not set, then control is passed to box 422 where the station
counter is now decremented. A test is made at 424 to see if all
stations have yet been serviced. If not, then control is passed
to box 426 where the patient bed is moved to the next imaging
station before control is passed to box 415 for again acquiring
diagnostic MRI scan data for this next station.

Finally, after all of the imaging stations have been handled,
control will pass from 424 to 428 where a return transfer is
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made (e.g., to the program routine that initially called the
multi-station MRI module 400 into operation).

As those in the art will appreciate, if desired, the sequence
of preparatory scans and diagnostic scans may be arbitrarily
defined. For example, the preparatory scans may be in the
head-to-foot direction and the diagnostic scans may be in
either foot-to-head or head-to-foot sequence. Further, the
scan station sequences need not be in body anatomy
sequence. As will be understood, minor changes to the station
counter incrementing, setting decrementing, etc., may result
in arbitrary station sequences.

The exemplary GUI allows improvement in operator set-
ting of scanning conditions due to improvement in workflow,
as well as shorter scan times to obtain all stations in peripheral
anatomy multi-station imaging. The use of calculated ECG or
PPG delays using “auto-FBI” during diagnostic imaging
allows actual real-time heart rate to be used in the diagnostic
scan as compared to acquiring ECG-prep scan(s) and calcu-
lation/FBI-Navi functions. Overall scan time is further short-
ened using auto-FBI in this GUIL In a perhaps optimum
implementation, once begun (e.g., by an operator activation
of a “begin scan” icon or button), the whole multi-station
process is seamless in that the machine operations need never
be delayed by interruption for operator actions.

Workflow of non-contrast FBI scans in peripheral anatomy
run-offs is improved by the system GUI. Movements of the
patient table for acquiring locator and/or shimming informa-
tion are based on data retained in the system to reapply during
actual diagnostic scan conditions. Each station FBI acquisi-
tion can be used as a “get interval” function of ECG or PPG to
refresh this data each time diagnostic data is acquired, thus
providing automatic establishment of diastolic and systolic
triggering delays using the “auto-ECG” function. To confirm
the image quality of a subtracted MIP diagnostic image, a low
resolution subtracted MIP is preferably displayed on the con-
sole.

This provides easy operation, faster scanning and more
reliable imaging especially for non-contrast MR angiography
and MR venography techniques.

The exemplary embodiment reduces total scan time in
multiple stations, such as in the iliac, femoral and calf
regions, where all scans can be systematically and automati-
cally acquired. The exemplary system acquires all locator
images (e.g., from calf, femoral and iliac order (feet-to-head
order or reverse order). Multiple directional scans (axial and
coronal) with appropriate gaps in the axial and coronal imag-
ing can be executed for locator images, which allow an opera-
tor to more easily determine the coverage. While setting up an
FBI slab location on the iliac, information of recorded MAP
and B0 shimming is applied. After slice coverage is deter-
mined by the operator, the operator can simply push a scan
button to acquire diagnostic data for the iliac—and this can be
automatically continued—or, if desired, repeated for succes-
sive anatomies. If four stations are required, the same strategy
applies. The order of acquisition can be selected; i.e., instead
of lower-to-upper, upper-to-lower order (or any desired arbi-
trary order) can be effected. In the case of MR venography in
the iliac region, three images can be acquired at this station to
have non-contrast MR venography.

FIG. 4 is a composite collection of coronal, sagittal and
axial MIP images from an exemplary iliac, femoral and calf
efficient multi-station imaging process showing typical
resulting 256x256 resolution images.

While certain embodiments of the inventions have been
described, these embodiments have been presented by way of
example only, and are not intended to limit the scope of the
inventions. Indeed, the novel methods and systems described
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herein may be embodied in a variety of other forms. Further-
more, various omissions, substitutions and changes in the
form of the methods and systems described herein may be
made without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:

1. A magnetic resonance imaging (MRI) system compris-
ing:

an MRI gantry including a static field magnet, gradient

field coils and at least one radio frequency (RF) coil
defining an imaging volume, a controllably movable
patient bed for moving a patient along an imaging axis of
the gantry to different imaging stations for imaging dif-
ferent portions of patient anatomy and an MRI data
acquisition system controlling said gradient field coils,
RF coils and movable patient bed in response to operator
controlled inputs;

said MRI data acquisition system including an MRI system

controller having at least one computer that executes
stored computer program instructions to

sequentially move the patient bed to each of the different

imaging stations to position each of the different por-
tions of the patient anatomy within the imaging volume
in turn, and to acquire all preparatory scan data from all
of the different portions of the patient for all of said
different imaging stations, the preparatory scan data
including at least MRI locator image data;

accept operator inputs setting diagnostic scan parameters

for said imaging stations based at least in part on
acquired preparatory scan data for the imaging stations
after acquiring preparatory scan data for at least one of
the imaging stations; and

only after all preparatory scan data has been acquired from

all of said different portions of the patient anatomy,
sequentially again move the patient bed to each of the
different imaging stations to position each of the differ-
ent portions of the patient anatomy within the imaging
volume in turn, and to acquire diagnostic MRI scan data
at each of said imaging stations in a multi-station diag-
nostic scan sequence using said set diagnostic scan
parameters after diagnostic scan parameters for at least
one of the imaging stations have been set.

2. An MRI system as in claim 1, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect automatic successive acquisi-
tion of diagnostic scan data at said different imaging stations
after operator inputs set diagnostic scan parameters for at
least one of said imaging stations, the operator inputs being
accepted in a multi-tasking mode while locator or diagnostic
scan data acquisition processes continue.

3. An MRI system as in claim 1, wherein said acquired
diagnostic MRI scan data is non-contrast fresh blood image
(FBI) data acquired in synchronism with the diastole and
systole phases of a cardio-cycle of the patient and wherein
during acquisition of said diagnostic FBI scan data, an auto-
electrocardiograph (ECG) process is utilized, including auto-
matic adjustment of systole/diastole trigger times as a func-
tion of imaging station location.

4. An MRI system as in claim 3, wherein said different
portions of patient anatomy include at least three successively
occurring iliac, femoral and calf regions of patient anatomy,
in either order.

5. An MRI system as in claim 3, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect at each station in said multi-
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station diagnostic scan sequence, display of a low resolution
subtracted MIP image of the acquired systolic and diastole
FBI diagnostic MRI scan data to the operator for review and
acceptance of the acquired diagnostic scan data before mov-
ing to the next station in said multi-station diagnostic scan
sequence.

6. An MRI system as in claim 5, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect, if the operator does not accept
the acquired diagnostic scan data, presentation to the operator
of an option for resetting diagnostic scan parameters and
reacquiring MRI scan data at the current imaging station
before moving to the next station in said multi-station diag-
nostic scan sequence.

7. An MRI system as in claim 3, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect continuation of said multi-
station diagnostic scan sequence automatically at each suc-
cessive imaging station without interruption for operator
review of quick low resolution check result image display.

8. An MRI system as in claim 1, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect, once acquisition of locator
image data has begun, automatically proceeding with the
process seamlessly without interruption for operator inputs
which are provided in a multi-tasking mode during ongoing
data acquisition processes.

9. An MRI system as in claim 1, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect, if the operator does not accept
the acquired diagnostic scan data, presentation to the operator
of an option for resetting diagnostic scan parameters and
reacquiring MRI scan data at the current imaging station
before moving to the next station in said multi-station diag-
nostic scan sequence.

10. An MRI system as in claim 1, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect continuation of said multi-
station diagnostic scan sequence automatically at each suc-
cessive imaging station without interruption for operator
review of quick low resolution check result image display.

11. An MRI system as in claim 1, wherein during acquisi-
tion of data at an imaging station, said at least one MRI system
controller computer executes stored computer program
instructions to multi-task by accepting operator inputs setting
diagnostic scan parameters for use at one or more other imag-
ing stations in the multi-station diagnostic scan sequence.

12. An MRI system as in claim 1, wherein said at least one
MRI system controller computer executes stored computer
program instructions to effect, as part of the acquisition of
said diagnostic MRI scan data at an imaging station, acqui-
sition, as an early part of the process, of B1 shimming data for
use in reconstructing images acquired at that imaging station
for the respectively corresponding portion of patient
anatomy.

13. A magnetic resonance imaging (MRI) system as in
claim 1,

wherein said at least one MRI system controller computer

executes stored computer program instructions to
acquire a heart rate signal from said patient being
imaged, and set a delay time from a reference time in
multi-station MRI based on the acquired heart rate, and
wherein the at least one MRI system controller computer
also executes stored computer program instructions to
set a delay time for a first multi-station location within
the patient to be smaller than a delay time for a second
multi-station location within the patient, wherein the

10

15

20

25

30

35

40

45

50

55

60

65

12

first multi-station location is further from the patient’s
heart than the second multi-station location.

14. A magnetic resonance imaging (MRI) method for using
an MRI gantry including a static field magnet, gradient field
coils and at least one radio frequency (RF) coil defining an
imaging volume, a controllably movable patient bed for mov-
ing a patient along an imaging axis of the gantry to different
imaging stations for imaging different portions of patient
anatomy and an MRI data acquisition system for controlling
said gradient field coils, RF coils and movable patient bed in
response to operator controlled inputs, said method compris-
ing:
sequentially moving the patient bed to each of the different

imaging stations to position each of the different por-
tions of the patient anatomy within the imaging volume
in turn, and to acquire all preparatory scan data from all
of the different portions of the patient for all of said
different imaging stations, the preparatory scan data
including at least MRI locator image data;

accepting operator inputs setting diagnostic scan param-

eters for said imaging station based at least in part on
acquired preparatory scan data for the imaging stations
after acquiring preparatory scan data for at least one of
the imaging stations; and

only after all preparatory scan data has been acquired from

all of said different portions of the patient anatomy,
sequentially again moving the patient bed to each of the
different imaging stations to position each of the differ-
ent portions of the patient anatomy within the imaging
volume in turn, and to acquire diagnostic MRI scan data
at each of said imaging stations in a multi-station diag-
nostic scan sequence using said set diagnostic scan
parameters, after diagnostic scan parameters for at least
one of the imaging stations have been set.

15. An MRI method as in claim 14, wherein said automatic
acquisition of diagnostic scan data begins after operator
inputs set diagnostic scan parameters for at least one of said
imaging stations, the operator inputs being accepted in a
multi-tasking mode while locator or diagnostic scan data
acquisition processes proceed uninterrupted.

16. An MRI method as in claim 14, wherein said acquired
diagnostic MRI scan data is non-contrast fresh blood image
(FBI) data acquired in synchronism with the diastole and
systole phases of a cardio-cycle of the patient, and wherein
during acquisition of said diagnostic FBI scan data, an auto-
electrocardiograph (ECG) process is utilized, including auto-
matic adjustment of systole/diastole trigger times as a func-
tion of imaging station position.

17. An MRI method as in claim 16, wherein said different
portions of patient anatomy include at least three successively
occurring iliac, femoral and calf regions of patient anatomy,
in either order.

18. An MRI method as in claim 17, wherein if the operator
does not accept the acquired diagnostic scan data, the opera-
tor is presented with an option for resetting diagnostic scan
parameters and reacquiring MRI scan data at the current
imaging station before moving to the next station in said
multi-station diagnostic scan sequence.

19. An MRI method as in claim 16, wherein at each station
in said multi station diagnostic scan sequence, a low resolu-
tion subtracted MIP image of the acquired systolic and dias-
tole FBI diagnostic MRI scan data is displayed to the operator
for review and acceptance of the acquired diagnostic scan
data before moving to the next station in said multi-station
diagnostic scan sequence.

20. An MRI method as in claim 14, wherein said automatic
sequential acquisition of diagnostic MRI scan data is
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acquired using ECG-related MRI sequence trigger times
which are adjusted for each imaging station as a function of
imaging station location.

21. An MRI method as in claim 14, wherein the diagnostic
scan sequence employed at each station provides MR angio-
graphic image data based on at least one of: (a) FBI (fresh
blood image) and (b) TOF (time of flight) imaging.

22. A magnetic resonance imaging (MRI) method as in
claim 14, further comprising:

acquiring a heart rate signal from said patient being

imaged; and
setting a delay time from a reference time in multi-station
MRI based on the acquired heart rate signal;

wherein a delay time for a first multi-station location
within the patient is set to be smaller than a delay time
for a second multi-station location within the patient,
wherein the first multi-station location is further from
the patient’s heart than the second multi-station loca-
tion.
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